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PES-PVP 阴离子交换膜作为隔膜，面电阻率低于 1.3 Ω·cm2，具有很好的离子选
择性，耐酸和抗氧化能力强，分别在 80 C 和 50 C 倍率的情况下充放电测试 30000
次和 26000 次，均能保持很好的充放电性能，适合作为全钒液相储能体系的隔膜。 
(3) 氧化还原电对。薄液层超级电容器利用液相电化学活性物质进行电能的
储存和释放，那么选择合适的氧化还原偶对于超级电容器的性能具有关键的作




















电容器组，测定其电化学性能。全钒体系单电池在 80 C 倍率下进行充放电测试，
经过 30000 次循环，容量保持不变，充放电库仑效率接近 100%。全钒体系 5 组
单电池串联的电池组，在浓度为 2.1 M 时，42 C 倍率充放电，比能量为 13.76 
Wh·L-1，比功率为 583.7 W·L-1；107 C 倍率充放电，比能量为 9.84 Wh·L-1，比功
率为 1.05 kW·L-1。全钒体系 4 组单电池并联的电池组，在浓度为 1.6 M，30 C 倍
率充放电，经过 30000 次循环，库伦效率保持在 98% ~ 99%，放电容量曲线平稳。 
















With the growing crises concerning natural resources and environmental 
pollutants, it has been an urgent need to utilize energy efficiently and cleanly. 
Specifically, the gradual depletion of petroleum resources has led to an immediate 
need for the development of battery-powered electric vehicle (EV) and hybrid electric 
vehicle (HEV). The power source has been the most critical problem in the 
development of EVs. 
Here, we introduce a new device for energy storage that was based on the 
electrode reaction of porous electrodes soaked in the electrochemical active materials 
in liquid solution. This work illustrates our pursuits of high-rate, deep 
charge-discharge and long cycle life performance which show advantages to the 
traditional chemical power sources. The properties of this device are discussed in this 
thesis as following: 
1. Thin liquid layer reaction region. In this novel device, model construction of 
the porous electrodes and reaction region of thin liquid layer were studied. The 
performance requirements of the porous carbon electrodes, the influence of 
graphitization degree and conductivity of porous carbon electrodes on electrochemical 
activity, and the influence of pore size distributions on the rate performance of 
different electrode materials were discussed. 
2. Ion-exchange membrane with good ionic selectivity and high ionic 
conductivity. Ion-exchange membrane is one of the determinants of energy storage 
system in liquid phase and has attracted wide research attentions. The ideal membrane 
should provide high coulombic efficiency, high energy efficiency and long cycle life 
for all-vanadium redox system. The QAPS and PES-PVP anion-exchange membranes 
developed in our laboratory provide alternative diaphragms for all-vanadium redox 
battery systems with good ionic selectivity (coulombic efficiency of 99%), ionic 















properties. Under the condition of high-rates of 80C and 50 C, deep charge-discharge 
cycles, long cycle lives (30000 and 26000) and good capacity retention had been 
achieved. It indicated that these anion-exchange membranes were suitable for 
all-vanadium redox battery systems. 
3. Electrochemical redox couple systems. The novel supercapacitors store 
energy based on the reaction of electrochemical active materials in liquid solution. 
Therefore, the selection of an appropriate redox couple is the key for supercapacitors. 
The research on K4Fe(CN)6/K3Fe(CN)6 system, VOSO4/V2(SO4)3 system and 
FeCl2/VCl3 system shows the higher concentration of electrochemical active material 
results lower capacity utilization. The capacity utilizations were enhanced with the 
increasing of charge-discharge times, corresponding to the similar charge and 
discharge potential plateaus. The stability of electrolytes and the influence of 
additives (sodium sulfate, urea and glycerol) in all-vanadium redox system were also 
discussed. 
4. System integration of supercapacitors. The electrochemical performances of 
the single cell, cell stacks in parallel and in series were measured, assembling the cells 
with porous electrodes, current collectors, active electrolytes and ion-exchange 
membranes. The coulombic efficiency of the single cell of all-vanadium redox system 
was more than 99% and was kept nearly constant over 30000 cycles at the high 
current rate of 80 C. The 5-unit device stack in series with the concentration of 2.1 M 
demonstrated an excellent rate performance. The energy density at a cycling rate of 42 
C was approximately 13.76 WhL-1, which is suitable for pure electric vehicle (PEV). 
With a cycling rate of 107 C, a power density of 1050 WL-1 and an energy density of 
9.84 WhL-1 were obtained, which is suitable for hybrid electric vehicle (HEV). The 
electrochemical performance of the 4-unit cell in parallel was excellent. The 
coulombic efficiency was 98% and the capacity retention at 30,000 cycles was higher 
than 98%. The cycle performance of the cell in parallel was excellent to fulfill the 
requirement of longer cycle life. 
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